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OutlineOutline

ContextContext
Conventional operationsConventional operations
Treatments in the standTreatments in the stand
RecoveryRecovery
TransportTransport



A resource problem …A resource problem …

Atlanta, ID 2003Atlanta, ID 2003



A product problem …A product problem …



A BillionA Billion--Ton FeedstockTon Feedstock

Forests currently Forests currently 
about 70%about 70%
2.5 x increase to 2.5 x increase to 
368M 368M bdtbdt



Future Woody Future Woody FeedstocksFeedstocks

144M tons forest industry residues144M tons forest industry residues
64M tons logging residues64M tons logging residues
60M tons thinning/fuel treatments60M tons thinning/fuel treatments
52M tons 52M tons fuelwoodfuelwood harvestharvest
47M tons urban 47M tons urban woodwastewoodwaste



It works …It works …

265 265 MWhMWh elecelec
160 160 MWhMWh thermalthermal

2000 2000 tonnestonnes/day/day
45% peat, 45% 45% peat, 45% 
wood, 10% fossilwood, 10% fossil



You can even run your carYou can even run your car



2 acres of biomass2 acres of biomass



Biomass RecoveryBiomass Recovery

Must be economicallyMust be economically--viableviable
Value to resourceValue to resource
Product valueProduct value

Must be ecologicallyMust be ecologically--acceptableacceptable
SustainableSustainable
Net gainNet gain



Biomass RecoveryBiomass Recovery

Current ConditionCurrent Condition
PrescriptionPrescription

•• What to treat What to treat 

Forest Products andForest Products and
Ecosystem ServicesEcosystem Services

Forest OperationForest Operation
•• How to treat How to treat 

Future ConditionFuture Condition



BiomassBiomass——31 Flavors31 Flavors



Biomass is …Biomass is …

Smaller piecesSmaller pieces
Irregular shapesIrregular shapes
Low densityLow density
Low potential valueLow potential value
NonNon--merchantable merchantable 
materialmaterial



Biomass has a costBiomass has a cost



$$trttrt -- $$tvaltval =? =? 
$$remrem -- $value $value -- $$tvaltval



Treatment costTreatment cost

Depends on biomass typeDepends on biomass type
FireFire
PilingPiling
MasticationMastication



Site prep costsSite prep costs



Brush disposal/activity Brush disposal/activity 
fuel treatmentsfuel treatments



MasticationMastication



Treatment valueTreatment value



Treatment ValuesTreatment Values

Tangible vs. intangibleTangible vs. intangible
WTP WTP ≠≠ valuevalue
BD/Activity fuel treatments avoidedBD/Activity fuel treatments avoided
Forest healthForest health
Reduced fire riskReduced fire risk
RegenerationRegeneration
Nutrient cyclingNutrient cycling



Removal costRemoval cost

“The cheapest way to get the 
4” stick is when it is on top of 
an 8” stick.”   Steve Aulerich



Bentley and Johnson, 2003

13% softwood volume
24% hardwood volume

Biomass UtilizationBiomass Utilization



Conventional operationsConventional operations

Lowest cost extraction (?)Lowest cost extraction (?)
Limits on material sizeLimits on material size
GroundGround--based impactsbased impacts
Limits on tract size, total volumeLimits on tract size, total volume



Biomass TransportBiomass Transport



Biomass TransportBiomass Transport
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$/$/gtgt .10/ton.10/ton--milemile

.15/ton.15/ton--milemile



ComminutionComminution

$3 $3 -- $5/gt$5/gt



Removal costsRemoval costs

StumpStump--toto--landing $10 landing $10 -- $12/gt$12/gt
Chipping/grinding $3 Chipping/grinding $3 –– $6/gt$6/gt
Trucking $3 Trucking $3 -- $9/gt$9/gt



Roadside disposalRoadside disposal



Going after biomassGoing after biomass



Small ScaleSmall Scale

Low production/high cost per tonLow production/high cost per ton
Impacts can be significantImpacts can be significant
Safety issuesSafety issues
Low capital investmentLow capital investment
LaborLabor--intensiveintensive
Niche applicationsNiche applications



Forwarding SlashForwarding Slash

Forwarding residues, Flagstaff, AZForwarding residues, Flagstaff, AZ



Biomass BundlingBiomass Bundling



Chip RecoveryChip Recovery



Slash TransportSlash Transport



Slash transportSlash transport





New SystemNew System



$$trttrt -- $$tvaltval =? =? 
$$remrem -- $value $value -- $$tvaltval



ConclusionsConclusions

Lowest cost biomass to userLowest cost biomass to user——residuesresidues
Higher volume per acre favors removalHigher volume per acre favors removal
Higher product value favors removalHigher product value favors removal
Land mgmt needs may require special Land mgmt needs may require special 
applications/equipmentapplications/equipment
Biomass for energy will not pay for stump Biomass for energy will not pay for stump 
to mill without subsidyto mill without subsidy
Wide variety of optionsWide variety of options
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